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ABSTRACT 

The status of the design of the Particles and 
Fields (F.&F) Subsatellite was discussed at a technical 
management review meeting held at the TRW, Incorporated 
location in Redondo Beach, California on May 14 and 15, 
1970. The objectives of this meeting were equivalent to 
those of a preliminary design review (PDR) and included a 
review of the preliminary design of the P&F Subsatellite 
by TRW and a review of the technical portion of the pre- 
liminary draft of the End Item Specification for the 
Particles and Fields Subsatellite which was dated May 4 ,  
1970. A brief description of the physical configuration 
and the operating modes of the P&F Subsatellite and a 
summary of the subsatellite attitude stabilization analyses 
performed by TRW are presented. 
cription of the preliminary design of the particle and field 
experiments and the mechanical and electrical power 
subsystems and a detailed description of the preliminary 
design of the communications subsystem of the P&F Subsatel- 
lite are presented. The a z t i m  i t e m s  geiierated during this 
meeting and their disposition are also reviewed. 
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SUBJECT: Description and Status of the DATE: June 15, 1970 
Design of the Particles and Fields 
Subsatellite - Case 320 FROM: A .  G .  Weygand 

MEMORANDUM FOR FILE 

1.0 INTRODUCTION 

The status of the design of the Particles and Fields 
(P&F) Subsatellite was discussed at a technical management 
review meeting held at the TRW, Incorporated location in 
Redondo Beach, California on May 14 and 15, 1970. Although this 
meeting was essentially equivalent to a preliminary design re- 
view (PDR), the meeting could not be so named because the con- 
tract between MSC and TRW had not been signed before this meet- 
ing was convened. However, before conclusion of the meeting 
on May 15, it was announced that the contract had been signed. 
Mr. J. H. Johnson, MSC/EE17, NASA Experiment Manager for the 
P&F Subsatellite, stated that the objectives of this technical 
management review meeting were to settle upon the design approach 
for the P&F Subsatellite and to finalize the technical portion 
of the preliminary draft of the End Item Specification for the 
Particles and Fields Subsatellite System dated May 4, 1970. 

A briefing was q i v m  by coqnizant TRW subsystem enmi- 
neers during the morning of May 14 to all meeting attendees. 
The briefing included a review of the currently proposed design 
of the various subsystems of the P&F Subsatellite including the 
mechanical, scientific instruments, electrical power, and 
communications subsystems and a review of the results of pre- 
liminary analyses of subsatellite dynamics, passive thermal 
design, magnetic cleanliness design, and reliability. A copy 
of the visual aids used during this briefing can be made avail- 
able to the interested readers by the writer. At the conclu- 
sion of the briefing, the meeting attendees were split into 
four separated splinter groups; namely, the (a) Mechanical, 
(b) Scientific Instruments, (c) Electronics, and (d) Program 
Plans splinter groups. The writer participated in the Elec- 
tronics splinter group meeting which was assigned the responsi- 
bility to review those sections of the technical portion of 
the End Item Specification for the P&F Subsatellite which were 
concerned with the electrical power and communications subsystems. 
The splinter groups regrouped on the afternoon of May 15 at 
which time the action items generated in the four splinter 
group meetings were discussed by all meeting attendees and 

7 



BELLCOMM. INC. - 2 -  

d i s p o s i t i o n  of  t h e  a c t i o n  items w a s  made by M r .  Johnson o f  MSC. 
Those p o r t i o n s  o f  t h e  t e c h n i c a l  management review mee t ing  a t t e n -  
ded by t h e  w r i t e r  ( t h e  b r i e f i n g ,  t h e  E l e c t r o n i c s  s p l i n t e r  g roup  
mee t ing ,  and the a c t i o n  i t e m  review and d i s p o s i t i o n  mee t ing )  
w i l l  be summarized i n  t h e  fo l lowing  pa rag raphs .  

A few i n t r o d u c t o r y  remarks w e r e  made by Messrs. 
Johnson of  MSC and T. Pederson,  TRW Program Manager f o r  t h e  P&F Sub- 
S a t e l l i t e ,  p r i o r  t o  t h e  formal  b r i e f i n g .  I n  o r d e r  t o  be r eady  
f o r  a J u l y  3 0 ,  1 9 7 1  scheduled  launch  d a t e ,  t h e  P&F S u b s a t e l l i t e  
must be  d e l i v e r e d  t o  t h e  Kennedy Space Cen te r  (KSC) by May 7 ,  1 9 7 1 .  
S i n c e  TRW r e q u i r e s  f i v e  months fo r  subsystem i n t e g r a t i o n  and 
checkout  of t h e  P&F S u b s a t e l l i t e ,  a l l  subsystem hardware must 
be  a v a i l a b l e  by November 30, 1970 e x c e p t  t h e  s c i e n t i f i c  i n s t r u -  
ments  which are c u r r e n t l y  scheduled  f o r  d e l i v e r y  t o  TRW from 
t h e  r e s p e c t i v e  s u b c o n t r a c t o r s  ( t h e  p a r t i c l e s  expe r imen t s  - 
Analog Technology Corpora t ion  and t h e  magnetometer - T i m e  Zero)  
on December 1 5 ,  1970. A t  t h i s  t i m e ,  p o r t i o n s  of  t h e  communica- 
t i o n s  subsys tem and t h e  s c i e n t i f i c  i n s t r u m e n t s  appea r  t o  be  
t h e  p a c i n g  i t e m s .  Monthly management reviews w i l l  be  h e l d  a t  
TRW f o r  t h e  s u b s a t e l l i t e  and a t  t h e  r e s p e c t i v e  exper iment  sub- 
c o n t r a c t o r  l o c a t i o n s  f o r  t h e  s c i e n t i f i c  i n s t r u m e n t s .  A PDF. 
f o r  t h e  ground s u p p o r t  equipment (GSE) r e q u i r e d  f o r  s u p p o r t  o f  
t h e  P&F S u b s a t e l l i t e  d u r i n g  p re l aunch  a c t i v i t i e s  a t  KSC w i l l  
be h e l d  a t  KSC i n  mid-June. The c r i t i c a l  d e s i g n  rev iew (CDR) 
f o r  t h e  P&F S u b s a t e l l i t e  is c u r r e n t l y  schedu led  f o r  mid-July.  

? n  
L . W  BRIEFING 

The p o r t i o n s  o f  t h e  b r i e f i n g  t h a t  t h e  w r i t e r  judged 
t o  be i m p o r t a n t  and/or  of general i n t e r e s t  are summarized i n  
t h i s  s e c t i o n  e x c e p t  f o r  t h a t  p o r t i o n  c o v e r i n g  t h e  communica- 
t i o n s  subsystem. S ince  t h i s  subject w a s  covered i n  g r e a t e r  
d e t a i l  i n  d i s c u s s i o n s  d u r i n g  t h e  E l e c t r o n i c s  s p l i n t e r  g roup  
mee t ing ,  t h e  p r e l i m i n a r y  communications subsystem d e s i g n  w i l l  
be d e s c r i b e d  i n  t h e  n e x t  s e c t i o n .  

The P&F S u b s a t e l l i t e  and i t s  launch  p l a t f o r m  weigh- 
i n g  a maximum t o t a l  of 95 pounds w i l l  b e  mounted on  a deploy-  
ment mechanism p rov ided  as p a r t  o f  t h e  S c i e n t i f i c  I n s t r u m e n t  
Module i n s t a l l e d  i n  S e c t o r  I of t h e  S e r v i c e  Module (SM) of  
an  Apol lo  Command and S e r v i c e  Module (CSM). North American Rock- 
w e l l ,  I n c .  ( N R ) ,  t h e  SIM i n t e g r a t i n g  c o n t r a c t o r ,  w i l l  supp ly  
t h e  deployment mechanism whi l e  TRW w i l l  supp ly  t h e  l aunch  p l a t -  
form and t h e  s u b s a t e l l i t e .  The l aunch  p l a t f o r m  when a c t i v a t e d  
w i l l  i m p a r t  t o  t h e  s u b s a t e l l i t e  v ia  a s p r i n g  o p e r a t e d  mechanism 
a l i n e a r  v e l o c i t y  of approximate ly  f o u r  feet  p e r  second and a 
s p i n  r a t e  of  nominal ly  1 2  r e v o l u t i o n s  p e r  minute  (rpm) a b o u t  i t s  
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l o n g i t u d i n a l  a x i s .  The s u b s a t e l l i t e  w i l l  be a hexagonal  p r i sm 
w i t h  a d i a m e t e r  of 1 4  i n c h e s  and l e n g t h  of  30 i n c h e s  and i n c l u d e  
t h r e e  6 0  i n c h  booms mounted 120  d e g r e e s  a p a r t  a t  one end o f  
t h e  p r i sm and an  S-band an tenna  mounted a t  t h e  o t h e r  end o f  t h e  
p r i sm on i t s  l o n g i t u d i n a l  o r  s p i n  a x i s .  On t h e  face o f  e a c h  of  
t h e  s i x  s i d e s  of t h e  p r i sm w i l l  be  a s o l a r  p a n e l .  Cu tou t s  w i l l  
be  p r o v i d e d  i n  two of  t h e s e  s i x  p a n e l s  t o  p r o v i d e  v iewing  p o r t s  
f o r  t h e  charged  p a r t i c l e  d e t e c t o r s  of t h e  p a r t i c l e s  expe r imen t s .  
The pr imary  power s o u r c e  f o r  s u b s a t e l l i t e  o p e r a t i o n  w i l l  b e  t h i s  
so la r  c e l l  a r r a y  of s i x  p a n e l s  w h i l e  a r e c h a r g e a b l e  1 0  ampere- 
hour  s i lver-cadmium b a t t e r y  w i l l  p r o v i d e  t h e  n e c e s s a r y  power f o r  
s u b s a t e l l i t e  o p e r a t i o n  d u r i n g  p e r i o d s  of  s o l a r  e c l i p s e  o r  when 
t h e  l o a d  r e q u i r e s  more power t h a n  i s  a v a i l a b l e  from t h e  solar  
a r r a y  a l o n e .  The b a t t e r y  w i l l  be provided  w i t h  p r o t e c t i o n  
a g a i n s t  ove rcha rge  as w e l l  as e x c e s s i v e  d i s c h a r g e .  The s u b s a t e i -  
l i t e  w i l l  be des igned  t o  use  on ly  p a s s i v e  thermal  c o n t r o l  and 
t o  be  e s s e n t i a l l y  m a g n e t i c a l l y  c l e a n .  

The s u b s a t e l l i t e  payload w i l l  i n c l u d e  f o u r  cha rged  
p a r t i c l e  d e t e c t o r s  c o v e r i n g  a r ange  of p a r t i c l e  e n e r g i e s ,  t w o  
s o l i d  s t a t e  t e l e s c o p e s ,  a b i a x i a l  f l u x g a t e  magnetometer,  and an 
S-band t r a n s p o n d e r  r e q u i r e d  t o  perform expe r imen t s  S173 (Lunar 
Par t ic le  Shadows and Boundary Layer Exper imen t ) ,  S174 (Magnetometer 
Exper imen t ) ,  and S164 (S-Band Transponder  Data A n a l y s i s  Exper i -  
m e n t ) .  The magnetometer w i l l  be  mounted on t h e  end of  one of 
t h e  t h r e e  6 0  i nch  booms. The f i e l d  of v i e w  o f  t h e  t w o  s o l i d  
s t a t e  t e l e s c o p e s  w i l l  be p a r a l l e l  w i t h  t h e  s p i n  a x i s  of t h e  
s u b s a t e l l i t e  v h i l e  t h e  f i e l d  of view of the four p a r t i c l e  d e t e c -  
t o r s  w i l l  be pe rpend . i cu la r  t o  t h e  s p i n  a x i s .  I t  shou ld  be  noted  
t h a t  t h e  S-band t r a n s p o n d e r  w i l l  a l s o  be used t o  p r o v i d e  t h e  
communications (command and t e l e m e t r y )  l i n k  between t h e  s u b s a t e l -  
l i t e  and s t a t i o n s  of t h e  Manned Space F l i g h t  Network ( M S F N ) .  
The v i s u a l  a i d s  used d u r i n g  t h e  b r i e f i n g  on t h e  s c i e n t i f i c  ex- 
p e r i m e n t s  are a t t a c h e d  t o  t h i s  memorandum (Attachment 1). 

A t  some t i m e  a f t e r  i n s e r t i o n  of t h e  CSM i n t o  a 6 0  
n a u t i c a l  m i l e  c i r c u l a r  l u n a r  o r b i t ,  t h e  s u b s a t e l l i t e  w i l l  be  
launched  i n t o  l u n a r  o r b i t  by i t s  s p r i n g  a c t u a t e d  s e p a r a t i o n  
mechanism upon command by a crewman i n  t h e  Command Module ( C M ) .  
The s u b s a t e l l i t e  w i l l  b e  launched w i t h  i t s  l o n g i t u d i n a l  o r  
s p i n  a x i s  approx ima te ly  p e r p e n d i c u l a r  t o  t h e  e c l i p t i c  p l a n e  
and w i l l  be s p i n  s t a b i l i z e d  a t  1 2  rpm. The t h r e e  booms w i l l  
be deployed  s i m u l t a n e o u s l y  as soon as t h e  s u b s a t e l l i t e  s e p a r a t e s  
from t h e  launch p l a t f o r m .  The  s u b s a t e l l i t e  w i l l  e n a b l e  magnet ic  
f i e l d ,  charged  p a r t i c l e ,  and Doppler t r a c k i n g  d a t a  t o  be o b t a i n e d  
i n  l u n a r  o r b i t  f o r  nominal ly  one y e a r .  The p a r t i c l e s  and f i e l d s  
expe r imen t s  may be  conducted d u r i n g  each  l u n a r  o r b i t  e x c e p t  f o r  
one o r b i t  p e r  day when Doppler t r a c k i n g  d a t a  w i l l  be o b t a i n e d  
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and f o r  one o r b i t  p e r  day when t h e  on-board b a t t e r y  w i l l  be 
charged .  A b l o c k  diagram of t h e  P & F  S u b s a t e l l i t e  i s  shown i n  
Attachment 2 .  

Redundant s w i t c h e s  w i l l  be p rov ided  i n  t h e  s u b s a t e l l i t e  
which d i s c o n n e c t  a l l  subsystems from t h e  b a t t e r y  as long  as 
t h e  s u b s a t e l l i t e  i s  i n  t h e  SIM. Immediately upon s e p a r a t i o n  
from t h e  CSM i n t o  l u n a r  o r b i t ,  t h e  s w i t c h e s  ( e i t h e r  one o r  b o t h )  
w i l l  o p e r a t e  and connec t  t h e  b a t t e r y  t o  t h e  a p p r o p r i a t e  subsys-  
t e m  of t h e  s u b s a t e l l i t e  a u t o m a t i c a l l y  and t h e  S-band receiver 
w i l l  be a c t i v a t e d  e n a b l i n g  commands s e n t  f r o m  t h e  Miss ion  Con- 
t r o l  C e n t e r  (MCC) i n  Houston through a s t a t i o n  o f  t h e  MSFN t o  
be received and e x e c u t e d  by t h e  s u b s a t e l l i t e .  There w i l l  be 
e s s e n t i a l l y  s i x  modes of o p e r a t i o n  o f  t h e  P&F S u b s a t e l l i t e  
which w i l l  be  selectable by ground command; namely, 

R e a l - t i m e  - s u b s a t e l l i t e  subsystems and expe r imen t  
d a t a  are sampled and t r a n s m i t t e d  a t  128 
b i t s  per  second ( b p s ) .  

D a t a  S t o r a g e  N o r m a l  - exper iment  d a t a  i s  sampled and 
s t o r e d  on-board t h e  s u b s a t e l l i t e  a t  8 bps 
f o r  a maximum o f  6 1 4 4  seconds .  

D a t a  Storage Fast - expe r imen t  data  i s  sampled and 
s t o r e d  on-board t h e  s u b s a t e l l i t e  a t  1 6  bps  
f o r  a maximum of 3072  seconds .  

Memory Readout - s t o r e d  expe r imen t  da ta  i s  r e a d  o u t  
o f  t h e  on-board memory and combined w i t h  
s u b s a t e l l i t e  subsystems data o b t a i n e d  i n  
real-time and t h e  r e s u l t a n t  d a t a  stream 
i s  t r a n s m i t t e d  a t  128 bps .  

Automatic  Cycle  - Upon i n i t i a t i o n  o f  t h i s  mode, t h e  
fo l lowing  sequence of o p e r a t i o n s  w i l l  be 
done a u t o m a t i c a l l y  and w i l l  r e p e a t  con- 
t i n u o u s l y :  

(1) swi tch  on real-time mode f o r  448 
seconds ,  

( 2 )  swi tch  on memory r e a d o u t  mode fo r  

(3) swi tch  on data  s t o r a g e  normal mode 
512 seconds ,  and 

f o r  6 1 4 4  s econds .  
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( f )  S tand  by - no d a t a  w i l l  be t r a n s m i t t e d  or  s t o r e d  and 
t h e  S-band t r a n s m i t t e r  w i l l  be t u r n e d  o f f .  

Whenever Doppler t r a c k i n g  d a t a  i s  b e i n g  g a t h e r e d ,  t h e  s u b s a t e l -  
l i t e  w i l l  be commanded t o  o p e r a t e  i n  t h e  real-time mode. I f  it 
i s  assumed t h a t  t h e  on-board b a t t e r y  i s  f u l l y  cha rged  when t h e  
s u b s a t e l l i t e  i s  commanded i n t o  t h e  real-time mode, t h e  s u b s a t e l -  
l i t e  can  o p e r a t e  f o r  up t o  1 2  conti-nuous hour s  i n  t h i s  mode u s i n g  
power g e n e r a t e d  by t h e  solar c e l l  a r r a y  and power s t o r e d  i n  
t h e  b a t t e r y  b e f o r e  t h e  l o w  v o l t a g e  cu t -o f f  c i r c u i t r y  a s s o c i a t e d  
w i t h  t h e  b a t t e r y  (which o p e r a t e s  a t  10 v o l t s )  w i l l  d e a c t i v a t e  
t h e  t r a n s m i t t e r  and p l a c e  t h e  s u b s a t e l l i t e  i n  t h e  s t andby  
mode. A c h a r t  showing t h e  power b a l a n c e  f o r  t h e  PCF S u b s a t e l l i t e  
i s  i n c l u d e d  as Attachment 3 .  

The power supply  subsystem of  t h e  s u b s a t e l l i t e  w i l l  
i n c l u d e  two independent  DC-DC c o n v e r t e r s .  One of t h e s e  DC-DC 
c o n v e r t e r s  w i l l  be  used  t o  provide  t h e  n e c e s s a r y  v o l t a g e s  and 
power t o  o p e r a t e  t h e  S-band t r a n s m i t t e r ,  t h e  S-band receiver, 
and t h e  command decoder .  The second DC-DC c o n v e r t e r  w i l l  be 
used t o  p r o v i d e  t h e  necessa ry  v o l t a g e s  and power t o  o p e r a t e  
t h e  d a t a  s t o r a g e  u n i t  ( D S U ) ,  t h e  d i g i t a l  e l e c t r o n i c s  u n i t  (DELI),  
t h e  h i g h  v o l t a g e  power supp ly ,  and t h e  p a r t i c l e s  and f i e l d s  
expe r imen t s .  

Many of  t h e  meet ing a t t e n d e e s  i n c l u d i n g  t h e  w r i t e r  
w e r e  i n t e r e s t e d  i n  t h e  p r e d i c t e d  dynamics of  t h e  s u b s a t e l l i t e  
and t h e  a t t i t u d e  stabilizatien of t h e  subsatellite during t h e  
f o l l o w i n g  f o u r  p o r t i o n s  of t h e  s u b s a t e l l i t e  m i s s i o n :  ( a )  sub- 
s a t e l l i t e  l aunch ,  (b) boom deployment, (c)  decay o f  a l l  mot ions  
o t h e r  t h a n  p u r e  s p i n  (wobble d e c a y ) ,  and ( d )  l ong  term c o a s t  
when g r a v i t y  and s o l a r  t o r q u e  are a l l  t h e  major  o r b i t  p e r t u r b a t i o n s .  
M r .  R. Gluck of TRW h a s  analyzed i n  some d e t a i l  s u b s a t e l l i t e  
a t t i t u d e  s t a b i l i z a t i o n  du r ing  boom deployment and d u r i n g  t h e  
long  t e r m  coast, b u t  h a s  expended l i t t l e  e f f o r t  t o  d a t e  i n  
a n a l y z i n g  s u b s a t e l l i t e  a t t i t u d e  s t a b i l i z a t i o n  d u r i n g  s u b s a t e l l i t e  
l aunch  and wobble decay.  I t  w a s  no ted  t h a t  it i s  r e q u i r e d  t h a t  
a l l  s u b s a t e l l i t e  a t t i t u d e  motion o t h e r  t h a n  p u r e  s p i n  be  damped 
o u t  t o  less t h a n  f i v e  d e g r e e s ,  t h a t  p r e c e s s i o n  o f  t h e  s p i n  a x i s  
of t h e  s u b s a t e l l i t e  be h e l d  t o  less  t h a n  35 degrees ( 2 0  d e g r e e s  
i s  t h e  d e s i g n  g o a l )  f r o m  t h e  p e r p e n d i c u l a r  t o  t h e  e c l i p t i c  f o r  
1 y e a r  and t h a t  t h e  a n g u l a r  momentum v e c t o r  and geomet r i c  l ong i -  
t u d i n a l  a x i s  of t h e  s u b s a t e l l i t e  b e . a l i g n e d  t o  w i t h i n  f i v e  d e g r e e s .  
To da te ,  a l l  of t h e  s u b s a t e l l i t e  a t t i t u d e  s t a b i l i . z a t i o n  a n a l y s e s  
f o r  t h e  boom deployment pe r iod  h a s  assumed t h a t  t h e  s u b s a t e l l i t e  
w a s  a r i g i d  body. T h i s  a n a l y s i s  w a s  performed u s i n g  a d i g i t a l  
computer program which w a s  developed f o r  t h e  Goddard Space F l i g h t  
C e n t e r  (GSFC)  f o r  u se  i n  t h e  P i o n e e r  Program. A s  a r e s u l t  of a n  
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a n a l y s i s  assuming undamped deployment of  t h e  t h r e e  h inged  6 0  
i n c h  booms, it w a s  dec ided  t h a t  damping would be p rov ided  i n  
o r d e r  t o  avo id  t h e  weight  p e n a l t y  n e c e s s a r y  f o r  s t r u c t u r a l  re- 
in fo rcemen t .  

I n  t h e  a n a l y s i s  o f  t h e  long  t e r m  g r a v i t y  and s o l a r  
t o r q u e  e f f e c t s  on s u b s a t e l l i t e  a t t i t u d e  s t a b i l i z a t i o n ,  t h e  s o l a r  
t o r q u e  e f f e c t s  were found t o  be n e g l i g i b l e  compared w i t h  t h e  
l u n a r  g r a v i t y  e f f e c t s  and w e r e  n e g l e c t e d  i n  subsequen t  a n a l y s e s .  
A d i g i t a l  computer program was developed f o r  t h i s  a n a l y s i s  u s i n g  
f o r  t h e  l u n a r  g r a v i t y  model t h e  f o u r t h  o r d e r  c l o s e d  form model 
deve loped  by J a f f e e  of t h e  J e t  P r o p u l s i o n  Labora to ry  ( J P L ) .  
I n  order t o  m a i n t a i n  t h e  p r e c e s s i o n  of t h e  s p i n  a x i s  of t h e  sub- 
s a t e l l i t e  w i t h i n  t h e  r e q u i r e d  35 degrees  from t h e  p e r p e n d i c u l a r  
t o  t h e  e c l i p t i c  p l a n e  f o r  1 y e a r  f o r  low ( 6 0  n a u t i c a l  m i l e )  
c i r c u l a r  l u n a r  o r b i t s  w i t h  i n c l i n a t i o n s  r a n g i n g  from 0 t o  4 5  
d e g r e e s ,  t h e  r a t i o  of t h e  moment of i n e r t i a  of t h e  s u b s a t e l l i t e  
a b o u t  i t s  l o n g i t u d i n a l  a x i s  t o  t h e  moment of i n e r t i a  o f  t h e  sub- 
s a t e l l i t e  a b o u t  i t s  t r a n s v e r s e  a x i s  must be  less t h a n  o r  e q u a l  
t o  1.1. M r .  Gluck c a l c u l a t e d  s u b s a t e l l i t e  a t t i t u d e  s t a b i l i z a -  
t i o n  d a t a  on l u n a r  g r a v i t y  e f f e c t s  f o r  500 days .  The r e s u l t s  
of  t h i s  a n a l y s i s  i n d i c a t e  t h a t  p r e c e s s i o n  of t h e  s u b s a t e l l i t e  
l o n g i t u d i n a l  a x i s  w i t h  r e s p e c t  t o  tne p e r p e n d i c u l a r  t o  t h e  
e c l i p t i c  p l a n e  d u r i n g  one yea r  c o u l d  p o s s i b l e  be h e l d  w i t h i n  
2 0  d e g r e e s  i f  t h e  s u b s a t e l l i t e  cou ld  be launched  w i t h  i t s  l o n g i -  
t u d i n a l  a x i s  i n  an  o r i e n t a t i o n  somewhat d i f f e r e n t  from pe rpend ic -  
u l a r  t o  t h e  e c l i p t i c  p l a n e .  

Although h e  h a s  no t  done any d e t a i l e d  a n a l y s e s ,  M r .  
Gluck estimates t h a t  t h e  wobble damper which w i l l  be p rov ided  
i n  t h e  s u b s a t e l l i t e  would cause a wobble of up t o  15  d e g r e e s  
t o  decay t o  less t h a n  0 .5  deg rees  w i t h i n  a b o u t  two hour s .  

3.0 ELECTRONICS SPLINTER GROUP MEETING 

The E l e c t r o n i c s  s p l i n t e r  group mee t ing  w a s  co -cha i r ed  
by Messrs. H. Vang, MSC/EE2, and F. Ke l ly  of TRW. I n  g e n e r a l ,  
a l l  d i s c u s s i o n s  on p r e l i m i n a r y  communications and power subsys-  
t e m s  d e s i g n  w a s  suppres sed  by t h e  co-chairman u n t i l  t h o s e  sec- 
t i o n s  of  t h e  t e c h n i c a l  p o r t i o n  of t h e  End I t e m  S p e c i f i c a t i o n  
f o r  t h e  P&F S u b s a t e l l i t e  c o n t a i n i n g  r e q u i r e m e n t s  b e a r i n g  on t h e  
s p e c i f i c  d e s i g n  of t h e s e  subsystems had been read verbatim and 
any e x c e p t i o n s  t o  t h e s e  c o n t e n t s  had been d i s c u s s e d .  Act ion  
i t e m s ,  co r r e spond ing  t o  Review I t e m  Desc repanc ie s  ( R I D ' S )  i n  a 
t r u e  P D R ,  w e r e  a c c e p t e d  by t h e  co-chairmen o n l y  on t h e s e  c o n t e n t s .  
A t o t a l  of  f i v e  a c t i o n  i t e m s  w e r e  submi t t ed  by t h e  p a r t i c i p a n t s  
of t h e  E l e c t r o n i c s  s p l i n t e r  group meet ing.  These a c t i o n  i t e m s  
w i l l  be d i s c u s s e d  i n  t h e  fo l lowing  s e c t i o n  ( S e c t i o n  4 . 0 ) .  
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After the appropriate sections of the End Item Specification 
for the P&F Subsatellite had been reviewed, the cognizant TRW 
design engineers for the various elements of the communications 
and power subsystems were made available to answer questions 
on the preliminary design of these elements. The material on 
the preliminary design of the communications subsystem presen- 
ted formally during the general briefing on the morning of May 
14 and the discussions on this same subject durinq the splinter 
group meeting are summarized in this section. The communica- 
tions subsystem of the P&F Subsatellite (see Attachment 2) includes 
the radio frequency communications equipment, the command decoder, 
the Digital Electronics Unit (DEU), and the Data Storage Unit 
(DSU). 

3.1 RADIO FREQUENCY COMMUNICATIONS EQUIPMENT 

The radio frequency communications equipment includes 
an S-band transponder, a DC-to-DC converter, a diplexer, and an 
S-band antenna as shown in Attachment 4 to this memorandum. 
This equipment will enable stations of the MSFN to track the 
subsatellite using two-way Doppler frequency measurements, to 
receive telemetry data from the subsatellite, and to transmit 
commands to the subsatellite. The S-band communications equip- 
ment will be compatible with stations of the MSFN in every 
respect including command and telemetry signal formats, modula- 
tion techniques, and frequencies except the frequency of the sub- 
carrier generated on-board the subsatellite which will be modula- 
ted by the PCM telemetry data stream j e i l e r a t e d  er;-board the 
subsatellite. The operating carrier frequencies assigned to 
the subsatellite S-band transponder will he identical to those 
currently assigned to the Lunar Module (LM) of the Apollo 
Program; namely, receive-2101.8 MHz and transmit -2282.5 MHz. 
The S-band transponder can be operated in any one of the following 
three modes: 

(a) the receiver is on and the transmitter is off, 

(b) the transmitted carrier is coherently related 
to the received carrier by the ratio of -I 240 
and 221 

(c) the receiver is on but not phase locked to the 
MSFN transmitted carrier and the transmitted carrier 
is not phase related to the MSFN transmitted carrier. 

The receiver will be active continuously from the time of activa- 
tion at separation of subsatellite from the CSM; however, the 
transmitter may be commanded on or off from the Earth. If the 
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t r a n s m i t t e r  i s  o n ,  t h e  t r a n s m i t t e d  car r ie r  w i l l  b e  phase  locked  
t o  t h e  r e c e i v e d  ca r r i e r  a u t o m a t i c a l l y  whenever t h e  r e c e i v e r  i s  
phase  locked  t o  t h e  r e c e i v e d  car r ie r .  Commands w i l l  be  s e n t  t o  
t h e  s u b s a t e l l i t e  f r o m  t h e  Ea r th  on a 70  kHz s u b c a r r i e r  which 
phase  modula tes  t h e  S-hand c a r r i e r  t r a n s m i t t e d  by a s t a t i o n  of  
t h e  MSFN. Telemet ry  d a t a  w i l l  be  t r a n s m i t t e d  t o  a s t a t i o n  of 
t h e  MSFN on a 32.768 kHz s u b c a r r i e r  which phase  modula tes  t h e  
S-band ca r r i e r  t r a n s m i t t e d  by t h e  s u b s a t e l l i t e .  T h i s  S-band 
t r a n s p o n d e r  w i l l  be a s l i g h t l y  mod i f i ed  v e r s i o n  o f  t h e  S-band 
t r a n s p o n d e r  (TETR-C) developed t o  be  carried by t h e  T e s t  and 
T r a i n i n g  S a t e l l i t e  f o r  t h e  Goddard Space F l i g h t  Cen te r  t o  be 
used  f o r  e x e r c i s e  of t h e  s t a t i o n s  o f  t h e  MSFN. The s l i g h t  
m o d i f i c a t i o n  t o  t h i s  t r ansponder  i s  r e q u i r e d  t o  make t h e  t r a n s -  
ponder  " m a g n e t i c a l l y  c l e a n . "  The o u t p u t  power o f  t h e  t r a n s m i t -  
t e r  of  t h i s  t r a n s p o n d e r  w i l l  b e  0 . 5  w a t t  minimum and 0 . 8  w a t t  
nominal .  

The d i p l e x e r  i s  provided  so t h a t  t h e  t r a n s m i t  and receive 
p o r t i o n s  o f  t h e  S-band t r ansponder  can s h a r e  t h e  s i n g l e  S-band 
a n t e n n a  s i m u l t a n e o u s l y .  A Lindenblad an tenna  which i s  an an tenna  
a r r a y  w i l l  be  mounted on t h e  l o n g i t u d i n a l  a x i s  of t h e  s u b s a t e l -  
l i t e  approx ima te ly  10  i n c h e s  from t h e  body o f  t h e  s u b s a t e l l i t e .  
The r a d i a t i o n  p a t t e r n  of t h i s  an tenna  s h o u l d  be  s i m i l a r  t o  t h a t  
of a d i p o l e ,  a t o r o i d a l  p a t t e r n  p r o v i d i n g  a nominal g a i n  o f  
3dB w i t h  c i r c u l a r  p o l a r i z a t i o n  and w i t h  half-power p o i n t s  of  t h e  
p a t t e r n  l o c a t e d  a t  + 38 degrees  from t h e  p l a n e  p e r p e n d i c u l a r  t o  
t h e  s u b s a t e l l i t e  l o n g i t u d i n a l  a x i s .  TRW i s  c u r r e n t l y  measur ing  
t he  r a d i a t i o n  p a t t e r n s  provided -1 t h i s  type of a n t e ~ n a  mounted 
a t  d i f f e r e n t  l o c a t i o n s  from t h e  main s u b s a t e l l i t e  body u s i n g  a 
mockup of  t h e  s u b s a t e l l i t e .  

3.2 COMMAND DECODER. 

The command decoder  i s  p rov ided  t o  demodulate t h e  70 kHz 
s u b c a r r i e r  d e t e c t e d  by t h e  S-band receiver and t o  decode t h e  
command message t r a n s m i t t e d  by a s t a t i o n  of t h e  MSFN. A s  i s  t h e  
case i n  t h e  Apol lo  Program, t h e  70 kHz s u b c a r r i e r  w i l l  be f r e -  
quency modulated by a composi te  s i g n a l  c o n s i s t i n g  o f  a 1 kHz 
s y n c h r o n i z a t i o n  t o n e  l i n e a r l y  summed w i t h  a 2 kHz t o n e  b i p h a s e  
modulated a t  a 1 kHz r a t e  by t h e  d i g i t a l  command message. The 
d i g i t a l  command message format w i l l  b e  i d e n t i c a l  t o  t h e  fo rma t  
used  f o r  real-time commands i n  t h e  Apol lo  Program; t h e  f i r s t  
3 b i t s  w i l l  b e  t h e  v e h i c l e  a d d r e s s ,  t h e  second 3 b i t s  w i l l  b e  
t h e  sys tem a d d r e s s  and t h e  f i n a l  6 b i t s  w i l l  i d e n t i f y  one of  32 
p o s s i b l e  c o n t r o l  commands. Each of  t h e s e  1 2  b i t s  w i l l  be  s u b - b i t  
encoded i n t o  5 s u b - b i t s .  The command decode r  o f  t h e  s u b s a t e l l i t e  
w i l l  be  c a p a b l e  of  a c c e p t i n g  and implementing up t o  32 c o n t r o l  
(on o r  o f f )  commands. T h i s  command sys tem w i l l  be s i m i l a r  t o  
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t h e  command sys tem o f  t h e  CSM p r o v i d e d  by Motoro la ,  I n c . ,  
however, a phase- lock loop  d i s c r i m i n a t o r  w i l l  be  used i n s t e a d  
of a c o n v e n t i o n a l  F M  d i s c r i m i n a t o r  f o r  r e a s o n s  o f  weight  and  
volume r e d u c t i o n .  S t u d i e s  are b e i n g  conducted  by TRW t o  a s s u r e  
t h a t  t h e  phase- lock  l o o p  d i s c r i m i n a t o r  w i l l  n o t  lock-up on a 
s ideband  o f  t h e  r e c e i v e d  s i g n a l .  Power  w i l l  be removed from 
t h e  command decoder  d u r i n g  t h o s e  p e r i o d s  of  t h e  s u b s a t e l l i t e  
m i s s i o n  when t h e  receiver of  t h e  S-band t r a n s p o n d e r  i s  n o t  
phase- locked t o  a r e c e i v e d  c a r r i e r .  A s  soon as phase- lock i s  
a c h i e v e d  by t h e  r e c e i v e r ,  power w i l l  be p r o v i d e d  t o  t h e  com-  
mand decode r .  The command decoder  w i l l  p r o v i d e  an  i n d i c a t i o n  
t o  t h e  DEU whenever a v a l i d  command message h a s  been r e c e i v e d  
which w i l l  be  i n c l u d e d  once i n  e a c h  o f  f o u r  s u c c e s s i v e  frames 
of t h e  PCM d a t a  stream t r a n s m i t t e d  t o  t h e  MSFN.  However, due 
t o  t h e  mechaniza t ion  of  t h e  DEU and D S U  d i s c u s s e d  below, t h e  
f i r s t  appearance  of t h e  MAP i n  t h e  t r a n s m i t t e d  PCM da ta  stream 
may be up t o  2 7  seconds  a f t e r  t h e  v a l i d  command message w a s  
s u c c e s s f u l l y  r e c e i v e d  and decoded by t h e  command decoder .  

3 . 3  D I G I T A L  ELECTRONICS U N I T  

The DEU i n c l u d e s  f i v e  o r i e n t a t i o n  s t a t u s  c o u n t e r s  
( s p i n  p e r i o d  c o u n t e r ,  s p i n  c o u n t e r ,  sun  phase  c o u n t e r ,  sun  
a n g l e  c o u n t e r ,  and magnet ic  zero c r o s s i n g  phase  c o u n t e r ) ,  a 
magnet ic  sector g e n e r a t o r ,  a s p i n  p e r i o d  g e n e r a t o r ,  a c r y s t a l  
c o n t r o l l e d  c l o c k  and e l a p s e d  t i m e r ,  t h e  p u l s e  accumula to r s ,  
t h e  PCM t e l e m e t r y  equipment ,  and t h e  t e l e m e t r y  d a t a  modula tor .  
O u t p u t s  f rom t h e  magfietic sec tor  generator and t h e  s p i n  period 
g e n e r a t o r  are r e q u i r e d  by t h e  p a r t i c l e s  expe r imen t s  so t h a t  
t h e  p a r t i c l e  c o u n t e r  accumulat ion p e r i o d  co r re sponds  t o  an  
e x a c t  number o f  s p i n  p e r i o d s  e x c e p t  f o r  one p a r t i c l e  detector 
whose c o u n t s  o u t p u t  w i l l  be accumulated o v e r  d i f f e r e n t  frac- 
t i o n a l  p a r t s  of  t h e  s u b s a t e l l i t e  r o t a t i o n  by d i f f e r e n t  c o u n t e r s  
as de te rmined  by t h e  magnet ic  s e c t o r i n g  l o g i c .  D a t a  from t h e  
f i v e  o r i e n t a t i o n  c o u n t e r s  w i l l  be r e q u i r e d  on E a r t h  so t h a t  
t h e  d a t a  from t h e  p a r t i c l e s  and f i e l d s  expe r imen t s  may be re- 
duced and ana lyzed .  Most of t h e  e l emen t s  t o  be  used i n  t h e  
DEU w i l l  be i d e n t i c a l  t o  those  which w i l l  be used  i n  t h e  P io -  
n e e r s  F and G. 

The c r y s t a l - c o n t r o l l e d  c l o c k  w i l l  p r o v i d e  a l l  t i m i n g  
s i g n a l s  r e q u i r e d  by t h e  v a r i o u s  subsys tems o f  t h e  s u b s a t e l l i t e  
and w i l l  g e n e r a t e  an e l a p s e d  t i m e  s i g n a l  which w i l l  be  s t o r e d  
d u r i n g  t h e  normal and f a s t  d a t a  s t o r a g e  modes of  o p e r a t i o n  of 
t h e  s u b s a t e l l i t e  and w i l l  be  i n c l u d e d  i n  t h e  real-time PCM 
t e l e m e t r y  stream g e n e r a t e d  d u r i n g  t h e  real-t ime mode o f  op- 
e r a t i o n  of t h e  s u b s a t e l l i t e .  The f r equency  of t h e  c r y s t a l  

w i l l  be  approx ima te ly  4 . 1 9 2 2 8  MHz o r  more e x a c t l y  2 2 2  Hz. 
e l a p s e d  t i m e  word w i l l  have a r e s o l u t i o n  of  one second and w i l l  
r e c y c l e  a t  t h e  c o n c l u s i o n  o f  each  1 8  h o u r s .  S i n c e  t h e  c r y s t a l -  
c o n t r o l l e d  c l o c k  p r o v i d e s  t h e  t i m i n g  f o r  t h e  PCM t e l e m e t r y  
equipment ,  t h e  r e l a t i v e  t i m e  of e v e n t s  o r  samples  i n  t h e  real-  
t i m e  o r  s t o r e d  PCM t e l e m e t r y  fo rma t  can be r e s o l v e d  w i t h i n  50 

The 
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milliseconds. It is intended that the elapsed timer will operate 
continuously throughout the useful lifetime of the particles and 
fields experiments in order to maintain relative time correlation 
of events. If power were to be removed from the DEU, the elapsed 
timer would cease to operate. 

The pulse accumulators are provided to collect count 
data from each of the particle detectors of the particles experi- 
ment. Each of these accumulators will have a count capacity of 
19 bits minimum and will be floating point accumulators. At the 
end of an accumulation period, the contents of an accumulator 
will be compressed into an 8 bit word which will be routed to the 
PCM telemetry equipment for real-time transmission to the Earth 
or for on-board storage. The location of the floating point will 
be defined by four of these 8 bits. The resolution of the particle 
count provided by this compression will be equivalent to 5 bits. 
Twenty-four bit MOS registers designed by the NASA Ames Research 
Center will be used as the pulse accumulators in the subsatellite. 

The PCM telemetry equipment will include a programmer, 
a digital multiplexer, an analog multiplexer, an analog-to-digital 
converter, a digital comparator, a fixed word generator, and a 
combiner. The analog and digital multiplexers will use MOSFET 
switches. Conditioned (0-5.k2VDC analog, events, digital words) 
experiment and housekeeping data will be gathered by the PCM tele- 
metry equipment via the analog and digital multiplexers from the 
14 floating point accumulators, the magnetometer, the spin counter, 
the sunphase c ~ i i n t e r ;  and the sun  m g l e  counter and from the com- 
munications and power subsystems. This data will be processed 
and time division multiplexed into three selectable serial PCM 
data streams where a "one" is represented by a change in level and 
a "zero" is represented by no change in level (NRZ-M). The NRZ-M 
data stream selected will be related to the mode of operation of 
the subsatellite. When the subsatellite is in the data storage 
normal mode, an 8 bits per second (bps) NRZ-M PCM signal will be 
routed to DSU. When the subsatellite is in the data storage fast 
mode, a 16 bps NRZ-M signal will be routed to the DSU. When the 
subsatellite is in the real-time mode, a 128 bps NRZ-M PCM signal 
will be routed to the telemetry data modulator for immediate trans- 
mission to the MSFN. All analog data will be digitally encoded into 
8 bit words with the most significant bit appearing first, all 
event data will be grouped into 8 bit words, and all digital data 
originating as digital words will be 8 bit words. The 8 bps and 
16 bps NFZ-M PCM data streams will contain data from the identical 
sources except that the data sources will be sampled twice as 
fast by the format of the 16 bps NRZ-M PCM signal. The 128 bps 
NRZ-M PCM data stream will in general include the data from the 
same sources as the 8 and 16 bps PCM signals as well as data 
from additional sources and overhead data such as frame 
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s y n c h r o n i z a t i o n  words. Two e i g h t  channe l  subcommutators w i l l  be 
used  i n  t h e  fo rma t s  f o r  a l l  t h r e e  of  t h e s e  PCM d a t a  streams. 
There  w i l l  be 2 4  c h a n n e l s  i n  t h e  frame format f o r  t h e  8 and 16  
bps  PCM d a t a  streams and 32 channels  i n  t h e  frame format  f o r  t h e  
1 2 8  bps  PCM d a t a  stream. A s  i n d i c a t e d  above ,  2 c h a n n e l s  i n  each  
o f  t h e s e  formats w i l l  be f e d  by d a t a  from t w o  8 channe l  submul- 
t i p l e x e r s .  I n  o r d e r  t o  economize t h e  r e q u i r e d  on-board storage 
c a p a c i t y  i n  t h e  DSU, housekeeping d a t a  such  as t r a n s p o n d e r  phase  
l o c k  l o o p  stress, s i g n a l  p r e s e n t  i n  t h e  r e c e i v e r  o f  t h e  t r a n s -  
ponde r ,  t h e  MAP s i g n a l  from t h e  command decode r ,  e tc .  and ove r -  
head data  such  as frame s y n c h r o n i z a t i o n  words,  subframe c o u n t ,  
s u b s a t e l l i t e  i d e n t i f i c a t i o n ,  e tc .  w i l l  n o t  be i n c l u d e d  i n  t h e  
8 o r  1 6  bps  NRZ-M PCM s i g n a l  fo rma t s .  S i n c e  t h i s  overhead  i n f o r -  
mat ion  i s  n o t  i n c l u d e d  i n  t h e  d a t a  s t o r e d  i n  t h e  DSU, an  i n t e r -  
l o c k  w i l l  be  i n c l u d e d  i n  t h e  PCM t e l e m e t r y  equipment which w i l l  
p r e c l u d e  a change i n  o p e r a t i o n a l  mode ( e . g .  from d a t a  s t o r a g e  
normal t o  real-t ime) u n t i l  t h e  e i g h t  channe l  subcommutator h a s  
completed i t s  f u l l  c y c l e  and an i n t e g r a l  number o f  f rames have 
been  completed.  Consequent ly ,  i n  t h e  worse case which w i l l  
o c c u r  when changing  from t h e  data storage mode t o  a n o t h e r  mode, 
2 4  seconds  may e l a p s e  b e f o r e  t h e  mode of o p e r a t i o n  of  t h e  PCM 
t e l e m e t r y  equipment can be changed i n  r e sponse  t o  a command 
f r o m  t h e  MSFN. Also as a consequence o f  t h i s  e f f o r t  t o  r educe  
t h e  r e q u i r e d  s t o r a g e  c a p a c i t y  o f  t h e  D S U ,  t h e  c o n t e n t s  o f  t h e  
DSU'cannot b e  dumped d i r e c t l y  t o  t h e  MSFN v i a  t h e  t e l e m e t r y  
s u b c a r r i e r  which phase  modulates  t h e  S-band ca r r i e r  t r a n s m i t t e d  
by t h e  S-band t r a n s p o n d e r  when t h e  s u b s a t e l l i t e  i s  commanded 
i r i to  t h e  iijemory r e a d o u t  mode. The contents of t h e  D S i i  i n s t e a d  
w i l l  be r e a d o u t  t o  t h e  PCM t e l e m e t r y  equipment as c o n t r o l l e d  by 
t h e  FCM t e l e m e t r y  equipment which w i l l  add t h e  overhead  d a t a  
and t h e  real-time housekeeping data  t o  t h e  2 4  word frame stored 
i n  t h e  D S U  t o  produce a 32 word frame fo rma t .  The f i r s t  f o u r  
words o f  each  frame o f  t h e  memory dump data  fo rma t  w i l l  i n c l u d e  
t h e  i n s e r t e d  overhead  d a t a  and some real-time housekeeping d a t a  
and  words 1 7  th rough  2 1  o f  each 32 word frame o f  t h e  memory 
dump data format  w i l l  be composed of i n s e r t e d  real-time house- 
k e e p i n g  d a t a .  When t h e  s u b s a t e l l i t e  i s  i n  t h e  memory r e a d o u t  
mode, . t h i s  r e c o n s t i t u t e d  NRZ-M PCM b i t  stream w i l l  be r o u t e d  t o  
t h e . t e l e m e t r y  data  modula tor  a t  a r a t e  o f  128 bps .  When t h e  
s u b s a t e l l i t e  h a s  been commanded i n t o  t h e  s t andby  mode, no PCM 
d a t a  streams g e n e r a t e d  by t h e  PCM t e l e m e t r y  equipment  w i l l  be 
t r a n s m i t t e d  i n  real-time t o  t h e  M S F N  o r  s t o r e d  on-board i n  t h e  
D S U  n o r  w i l l  d a t a  be r e a d o u t  of t h e  DSU f o r  dump t r a n s m i s s i o n  
t o  t h e  MSFN. 

The 128 bps  real-time N R Z - M P C M  &ata stream o r  t h e  
128 bps memory r e a d o u t  NRZ-M PCM d a t a  stream r o u t e d  t o  t h e  
t e l e m e t r y  d a t a  modula tor  w i l l  b e  used t o  phase  s h i f t  key -a 
32.768 kHz s q u a r e  wave s u b c a r r i e r  i n  t h e  t e l e m e t r y  d a t a  modula tor .  
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The 3 2 . 7 6 8  kHz s q u a r e  wave s u b c a r r i e r  w i l l  be d e r i v e d  from t h e  
c r y s t a l - c o n t r o l l e d  c l o c k  d i s c u s s e d  above.  The modulated sub- 
carr ier  w i l l  b e  r o u t e d  t o  and w i l l  phase  modulate  ( 1 . 0  r a d i a n  
peak d e v i a t i o n j  t h e  t r a n s m i t t e r  o f  t h e  S-band t r a n s p o n d e r  when- 
e v e r  t h e  t r a n s m i t t e r  i s  ac t ive .  

3 . 4  DATA STORAGE U N I T  

The D S U  t o  be used on t h e  s u b s a t e l l i t e  w i l l  be  iden -  
t i c a l  t o  t h e  magne t i c  core memory u n i t s  deve loped  f o r  u s e  i n  
P i o n e e r s  F and G .  I n  t h i s  a p p l i c a t i o n  i n  t h e  s u b s a t e l l i t e ,  n o t  
a l l  o f  t h e  i n p u t  and o u t p u t  f u n c t i o n s  p r o v i d e d  w i t h  t h i s  magne t i c  
c o r e  memory u n i t  w i l l  be u t i l i z e d .  The d e s i g n  of  t h i s  memory 
u n i t  h a s  a l r e a d y  undergone d e t a i l e d  d e s i g n  r ev iews  f o r  t h e  P i o -  
n e e r  Program and h a s  been  breadboard t e s t e d .  A d e t a i l e d  b lock  
diagram of  t h e  D S U  i s  a t t a c h e d  t o  t h i s  memorandum (Attachment 5 ) .  
The t o t a l  s t o r a g e  c a p a c i t y  of t h e  D S U  w i l l  b e  4 9 , 1 5 2  b i t s .  When 
t h e  D S U  storage c a p a c i t y  h a s  been exceeded ,  t h e  D S U  w i l l  i n i t i a t e  
a s i g n a l  t o  t h e  DEU which w i l l  p l a c e  t h e  s u b s a t e l l i t e  i n  t h e  
s t andby  mode. I f  f o r  any reason  t h e  data  s t o r a g e  mode ( f a s t  o r  
normal)  o f  s u b s a t e l l i t e  o p e r a t i o n  w a s  i n t e r r u p t e d ,  t h e  c o n t e n t s  
o f  t h e  D S U  must b e  dumped o r  be l o s t  because  when a d a t a  s t o r a g e  
mode i s  a g a i n  i n i t i a t e d ,  t h e  d a t a  w i l l  be s t o r e d  i n  t h e  f i r s t  
a d d r e s s  l o c a t i o n s  i n  t h e  memory r a t h e r  t h a n  i n  t h e  memory a d d r e s s  
l o c a t i o n s  immedia te ly  fo l lowing  t h e  a d d r e s s  l o c a t i o n  where t h e  
l a s t  d a t a  w a s  s t o r e d .  Opera t ion  o f  t h e  D S U  w i l l  be c o n t r o l l e d  
th rough  t h e  DEU.  The c o n t e n t s  of t h e  D S U  w i l l  n o t  be d e s t r o y e d  
d u r i n g  r e a d  o u t .  

4 . 0  ACTION ITEM REVIEW AND D I S P O S I T I O N  

The s p l i n t e r  groups w e r e  r e u n i t e d  f o r  a meet ing  on t h e  
a f t e r n o o n  of May 1 5  when t h e  a c t i o n  i t e m s  s u b m i t t e d  i n  each  of  
t h e  s p l i n t e r  group m e e t i n g s  on t h e  r equ i r emen t s  c o n t a i n e d  i n  t h e  
t e c h n i c a l  p o r t i o n  of t h e  End I t e m  S p e c i f i c a t i o n  w e r e  r e a d  and 
d i s c u s s e d .  On each  a c t i o n  i t e m  form w a s  i n c l u d e d  a s t a t e m e n t  of 
t h e  problem, a s t a t e m e n t  j u s t i f y i n g  t h e  v a l i d i t y  o f  t h e  problem, 
a recommendation o f  a s u i t a b l e  s o l u t i o n ,  and f i n a l l y  comments 
on t h e  a c t i o n  i t e m  by TRW. A f t e r  d i s c u s s i o n  on each  a c t i o n  i t e m ,  
M r .  Johnson ,  NASA Experiment Manager, approved t h e  recommendation, 
d i sapproved  t h e  recommendation, o r  a s s i g n e d  t h e  a c t i o n  i t e m  t o  
t h e  a p p r o p r i a t e  agency (TRW, P r i n c i p a l  I n v e s t i g a t o r s ,  o r  NASA/MSC) 
f o r  s t u d y .  The a c t i o n  i t e m s  s u b m i t t e d  i n  each  o f  t h e  s p l i n t e r  
group mee t ings  are d i s c u s s e d  i n  t h e  f o l l o w i n g  pa rag raphs .  

4 . 1  ELECTRONICS SPLINTER GROUP 

A t o t a l  o f  5 a c t i o n  i t e m s  w a s  s u b m i t t e d  by t h e  E l e c -  
t r o n i c s  s p l i n t e r  group.  Of t h i s  t o t a l ,  one a c t i o n  i t e m  con- 
c e r n i n g  co rona  t e s t i n g  was withdrawn and two a c t i o n  i t e m s  c o u l d  
be  c o n s i d e r e d  l a r g e l y  e d i t o r i a l  i n  n a t u r e .  The remain ing  t w o  
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a c t i o n  i t e m s  w e r e  s u b m i t t e d  by t h e  P r i n c i p a l  I n v e s t i g a t o r  fo r  
t h e  S-Band Transponder  Data  Ana lys i s  Experiment .  The recom- 
mendat ions f o r  r equ i r emen t  changes c o n t a i n e d  i n  b o t h  a c t i o n  
i t e m s  which c o u l d  a f f e c t  t h e  e x i s t i n g  p r e l i m i n a r y  d e s i g n  of  t h e  
s u b s a t e l l i t e  w e r e  made w i t h  t h e  a i m  o f  i n c r e a s i n g  t h e  d a t a  y i e l d  
f r o m  t h e  t r a c k i n g  exper iment .  The P I  i n d i c a t e d  t h a t  as much two- 
way Doppler d a t a  f r o m  t h e  s u b s a t e l l i t e  i n  l u n a r  o r b i t  as c o u l d  
p o s s i b l y  be o b t a i n e d  w a s  d e s i r a b l e  e s p e c i a l l y  d u r i n g  t h o s e  p e r -  
i o d s  j u s t  a f t e r  l i n e - o f - s i g h t  between t h e  s u b s a t e l l i t e  and a 
s t a t i o n  of t h e  MSFN i s  e s t a b l i s h e d  as t h e  s u b s a t e l l i t e  comes 
from b e h i n d  t h e  moon and j u s t  before l i n e - o f - s i g h t  i s  l o s t  as 
t h e  subsatel l i te  goes beh ind  t h e  moon. I n  order t o  o b t a i n  t h e  
t r a c k i n g  d a t a  immediately b e f o r e  t h e  s u b s a t e l l i t e  goes beh ind  
t h e  moon w i t h o u t  r i s k i n g  t h e  p o s s i b l e  f a i l u r e  t o  command t h e  
S-band t r a n s m i t t e r  o f f  b e f o r e  l i n e - o f - s i g h t  i s  l o s t ,  t h e  P I  
recommended t h a t  when t h e  s u b s a t e l l i t e  i s  o p e r a t i n g  i n  t h e  r ea l -  
t i m e  mode, t h e  s u b s a t e l l i t e  t r a n s m i t t e r  s h o u l d  be tu rned-o f f  
a u t o m a t i c a l l y  and t h e  s u b s a t e l l i t e  be p u t  i n t o  t h e  s t andby  mode 
of  o p e r a t i o n  a f t e r  some a r b i t r a r y  d e l a y  a f t e r  t h e  receiver o f  
t h e  s u b s a t e l l i t e  t r a n s p o n d e r  h a s  l o s t  phase  l o c k  w i t h  t h e  S- 
band carr ier  t r a n s m i t t e d  by an MSFN s t a t i o n .  I n  t h e  second 
a c t i o n  i t e m  t h e  P I  recommended t h a t  t h e  c a p a b i l i t y  be p rov ided  
t o  deactivate s i m u l t a n e o u s l y  (and react ivate ,  i f  n e c e s s a r y )  t h e  
p a r t i c l e  and f i e l d s  exper iments  and t h e  DEU o f  t h e  s u b s a t e l l i t e  
so t h a t  power c o u l d  be conserved a f t e r  comple t ion  of t h e  pa r -  
t i c l e s  and f i e l d s  exper iments  ( a t  t h e  end  o f  one y e a r  o r  a f t e r  
a f a i l u r e )  so t h a t  m o r e  two-way Doppler d a t a  cou ld  be  o b t a i n e d  

t h a t  DC t o  DC c o n v e r t e r  used t o  p r o v i d e  power t o  t h e  DEU and 
t h e  p a r t i c l e s  and f i e l d s  exper iments .  M r .  Johnson directed 
TRW t o  i n c o r p o r a t e  t h e s e  des ign  change recommendations i n  t h e  
s u b s a t e l l i t e  d e s i g n  s i n c e  TRW i n d i c a t e d  t h a t  t h e s e  changes 
would have o n l y  a minor c o s t  impact .  

l7PY A = . .  u u y .  T h i s  could be ~ ~ c ~ ~ p l i s h e d  by removing power from 

4 . 2  S C I E N T I F I C  INSTRUMENTS SPLINTER GROUP 

A t o t a l  o f  1 9  a c t i o n  i t e m s  w a s  s u b m i t t e d  by t h e  
S c i e n t i c  I n s t r u m e n t s  s p l i n t e r  group.  O f  t h i s  t o t a l ,  one ac t ion  
i t e m  w a s  e s s e n t i a l l y  a d u p l i c a t e  o f  a n o t h e r  a c t i o n  i t e m ,  
a c t i o n  i t e m s  c o u l d  b e  cons ide red  e d i t o r i a l  i n c l u d i n g  c l a r i f i -  
c a t i o n s  t o  e x i s t i n g  r equ i r emen t s  and a d d i t i o n  o f  r equ i r emen t s  
f o r  d e s i r a b l e  c a p a b i l i t i e s  a l r e a d y  i n  t h e  p r e l i m i n a r y  d e s i g n  of 
t h e  s u b s a t e l l i t e ,  and 5 a c t i o n  i t e m s  recommended changes i n  re- 
qu i r emen t s  which would a f f e c t  t h e  e x i s t i n g  p r e l i m i n a r y  d e s i g n  
o f  t h e  s u b s a t e l l i t e .  

1 3  

The P I  f o r  t h e  Magnetometer Experiment  w a s  concerned 
o v e r  t h e  wide t e m p e r a t u r e  v a r i a t i o n  (+20 d e g r e e s  C e n t i g r a d e )  o f  
t h e  magnetometer mounted a t  t h e  end OF one o f  t h e  t h r e e  6 0  i n c h  
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booms because of the sensitivity of the data output from the 
magnetometer to changes in temperature of the instrument. If 
the allowable temperature variation were permitted to remain 
+20 degress Centigrade, the PI would require temperature measure- 
ments on the magnetometer to be telemetered to the MSFN with mag- 
netometer data so that the data could be properly interpreted. 
If the temperature variation of the magnetometer could be held 
to within +10 degrees Centigrade, the PI believes that a record 
of the temperature of the magnetometer would not be required. 
Mr. Johnson indicated that addition of a temperature sensor on 
the magnetometer was undesirable for two reasons: (a) the al- 
ready crowded telemetry format and (b) the design problem of run- 
ning additional wiring from the subsatellite body to the magne- 
tometer. Mr. Johnson assigned TRW a task to investigate in 
detail the predicted temperature variation of the magnetometer 
and determine whether the tighter temperature variation desired 
by the PI could be maintained by using other methods of passive 
thermal control such as super-insulation. The results of this 
investigation should be available by mid-June. 

The PI for the Magnetometer Experiment indicated that 
subsatellite inertial attitude information is essential for in- 
terpretation of the data from both the particles and the fields 
experiments. At the present time, a requirement does not appear 
in the End Item Specification for the P & F Subsatellite for 
inertial attitude determination and no attitude sensors are in- 
cluded in the preliminary design of the subsatellite which would 
provide this information directly. TRW believes that the iner- 
tial attitude of the subsatellite could be determined over a 
time interva1,perhaps three months,but not on a daily basis from 
data on sun elevation angle, sun azimuth angle, and time of 
crossing of the zero magnetic flux line which will be telemetered 
to the MSFN. Mr. Johnson assigned a task to TRW to investigate 
how the inertial attitude of the subsatellite could be deter- 
mined and with what accuracy without requiring additional in- 
strumentation on-board the subsatellite. 

A representative from the Flight Control Division 
(FCD) - Experiment Systems, Mr. Brizzolara, recommended that 
the resolution of the elapsed timer be reduced from 1 second 
to 16 seconds which would increase the timer recycle period 
from 18 hours to 12 days. Since the elapsed timer and the PCM 
telemetry equipment both derive their timing signals from the 
on-board crystal controlled clock, the relative time correlation 
of events or data samples can be maintained at 50 milliseconds 
with the recommended change implemented. Since TRW indicated 
that implementation of this recommendation would result in no 
cost or schedule impact, Mr. Johnson directed TRW to implement 
this change. 
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M r .  R r i z z o l a r a  recommended t h a t  s e p a r a t e  commands be  
implemented which w i l l  e n a b l e  t h e  p a r t i c l e  d e t e c t o r s  t o  b e  
t u r n e d  on o r  o f f  or  t h e  magnetometer t o  be t u r n e d  on or  of f  
independen t ly  by t h e  MSFN i n  o r d e r  t o  p r o t e c t  t h e  r ema in ing  
subsys tems o f  t h e  s u b s a t e l l i t e  i n  case of  f a i l u r e  of  one o f  t h e  
expe r imen t s .  I t  w a s  p o i n t e d  o u t  t h a t  t h e  h i g h  v o l t a g e  supp ly  
p r o v i d i n g  power t o  t h e  c h a n n e l t r o n s  of t h e  p a r t i c l e  detectors 
can  be  t u r n e d  on o r  o f f  by command from t h e  M S F N .  P o s s i b l e  
f a i l u r e s  i n  t h e  c h a n n e l t r o n s  appea r  t o  be t h e  o.nly f a i l u r e  
modes i n  t h e  expe r imen t s  which c o u l d  compromise t h e  o p e r a t i o n  
o f  t h e  remain ing  subsys tems of t h e  s u b s a t e l l i t e .  M r .  Johnson 
rejected t h i s  recommendation f o r  t h e  t i m e  b e i n g  u n t i l  t h e  
f a i l u r e  mode and e f f e c t s  a n a l y s e s  can be completed on t h e  
Magnetometer Experiment  and on t h e  Lunar P a r t i c l e  Shadows and 
Boundary Layer  Experiment .  

M r .  J .  Garder, TRW chairman o f  t h e  S c i e n t i f i c  In -  
s t r u m e n t s  s p l i n t e r  group meet ing ,  recommended t h a t  t h e  command 
l i s t  appea r ing  i n  t h e  End I tem S p e c i f i c a t i o n  be mod i f i ed  t o  
r e f l e c t  t h e  c u r r e n t  p r e l i m i n a r y  d e s i g n  of  t h e  s u b s a t e l l i t e .  
M r .  Johnson r e q u e s t e d  t h a t  TRW p r o v i d e  w r i t t e n  j u s t i f i c a t i o n  
f o r  each  change i n  t h i s  command l i s t  and d e f e r r e d  a d e c i s i o n  
on t h i s  a c t i o n  i t e m  u n t i l  MSC had s t u d i e d  t h e  recommendation 
and j u s t i f i c a t i o n  f o r  each  command change. 

4.3 MECHANICAL SPLINTER GROUP 

A L-L-1 
L U L ~ L  of 6 actio: lteiiis was submitted by t h e  Me- 

c h a n i c a l  s p l i n t e r  group.  Of t h i s  t o t a l ,  3 a c t i o n  i t e m s  c o u l d  
be c o n s i d e r e d  c l a r i f i c a t i o n  of e x i s t i n g  r equ i r emen t s  o r  addi- 
t i o n  of  r equ i r emen t s  t o  t h e  End I t e m  S p e c i f i c a t i o n  r e f l e c t i n g  
t h e  c u r r e n t  p r e l i m i n a r y  des ign  o f  t h e  s u b s a t e l l i t e ,  2 a c t i o n  
i t e m s  w e r e  concerned w i t h  ex tend ing  t h e  p e r i o d  o f  t i m e  t h a t  
t h e  s u b s a t e l l i t e  w i l l  remain w i t h  i t s  l o n g i t u d i n a l  a x i s  w i t h i n  
35 degrees from t h e  p e r p e n d i c u l a r  t o  t h e  e c l i p t i c  p l a n e ,  and 
one a c t i o n  c o u l d  a f f e c t  t h e  c u r r e n t  d e s i g n  o f  t h e  s u b s a t e l l i t e .  

TRW w i l l  i n v e s t i g a t e  t h e  e f f e c t  on t h e  l i f e t i m e  o f  
t h e  s u b s a t e l l i t e  as d e f i n e d  above i f  (a)  t h e  s u b s a t e l l i t e  w e r e  
n o t  des igned  f o r  l u n a r  o b i t  i n c l i n a t i o n s  o f  up t o  45 d e g r e e s  
b u t  o n l y  f o r  i n c l i n a t i o n s  c o n s i s t e n t  w i t h  t h e  e x p e c t e d  i n c l i n a -  
t i o n  of  t h e  CSM o r b i t s  d u r i n g  t h e  m i s s i o n s  of i n t e r e s t  i n  t h e  
Apol lo  Program and ( b )  t h e  s u b s a t e l l i t e  w e r e  l aunched  from t h e  
CSM w i t h  t h e  nominal a t t i t u d e  o f  t h e  l o n g i t u d i n a l  a x i s  o f  t h e  
s u b s a t e l l i t e  d i f f e r e n t  from t h e  p e r p e n d i c u l a r  t o  t h e  e c l i p t i c  
p l a n e .  



. 
.LCOMM,  I N C .  - 16 - 

The P I  f o r  t h e  Magnetometer Experiment  i n d i c a t e d  t h a t  
misa l ignment  of  t h e  magnetometer by a s  much as 5 d e g r e e s  from 
t h e  p r i n c i p a l  a x i s  o f  i n e r t i a  of  t h e  s u b s a t e l l i t e  w i l l  r e s u l t  
i n  e x c e s s i v e  e r r o r  i n  i n t e r p r e t t i n g  t h e  d a t a  from t h e  magnetometer ,  
b u t  t h a t  a 1 degree  misal ignment  w a s  a c c e p t a b l e .  C u r r e n t  r e q u i r e -  
ments i n  t h e  End I t e m  S p e c i f i c a t i o n  of  t h e  P & F S u b s a t e l l i t e  
a l l o w  a misa l ignment  between t h e  a n g u l a r  momentum vector and t h e  
g e o m e t r i c  l o n g i t u d i n a l  a x i s  of t h e  s u b s a t e l l i t e  o f  up t o  5 d e g r e e s .  
S i n c e  it i s  p lanned  t h a t  t h e  magnetometer w i l l  be  a l i g n e d  w i t h  
r e s p e c t  t o  t h e  geomet r i c  l o n g i t u d i n a l  a x i s  of  t h e  s u b s a t e l l i t e ,  
t h e  5 deg ree  a l ignmen t  requi rement  i s  u n a c c e p t a b l e  t o  t h e  P I .  
I t  w a s  p o i n t e d  o u t  t h a t  t h e  misal ignment  between t h e  a n g u l a r  
momentum v e c t o r  and t h e  geometric l o n g i t u d i n a l  a x i s  of  t h e  sub- 
s a t e l l i t e  c o u l d  be  measured w i t h i n  1 d e g r e e  a f t e r  t h e  s u b s a t e l l i t e  
has  been f a b r i c a t e d .  A f t e r  t h i s  misa l ignment  w a s  measured,  t h e  
magnetometer c o u l d  b e  a l i g n e d  t o  t h e  measured d i r e c t i o n  o f  t h e  
a n g u l a r  momentum v e c t o r .  M r .  Johnson d i r e c t e d  TRW t o  use  t h i s  
p rocedure  i n  a l i g n i n g  t h e  magnetometer r a t h e r  t h a n  r e d u c i n g  t h e  
5 d e g r e e  misa l ignment  requi rement  t o  1 degree  i n  t h e  End I t e m  
S p e c i f i c a t i o n  which would be a major impact  i t e m .  

4 . 4  PROGRAM PLANS SPLINTER GROUP 

No a c t i o n  i t e m s  w e r e  s u b m i t t e d  by t h e  Program P l a n s  
s p l i n t e r  group.  However, M r .  Johnson r e v i s e d  t h e  s c h e d u l e  f o r  
t h e  TRW d e l i v e r y  of t h e  F a i l u r e  Mode E f f e c t s  A n a l y s i s  (FMEA) f o r  
t h e  subsatel l i te  t o  two weeks b e f o r e  t h e  d a t e  f o r  t h e  CDR. 
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